Introduction
The studies on the remediation techniques of contaminated soil with persistent organic pollutants (POPs), such as polycyclic aromatic hydrocarbons (PAHs), are crucially important to reduce the risks in the environment. In laboratory-based investigations, artificially contaminated soils have been used to optimize the conditions of the removal and/or degradation efficiencies of POPs. 1, 2 However, the results often depend on the spiking method for POPs into the soil system. This can be attributed to the fact that POPs heterogeneously distribute in soils. 3 As is clear from most laboratory-based investigations, it is necessary that POPs are distributed homogeneously. In addition, the homogeneous distribution of POPs is advantageous, because the integrity of the physicochemical properties of soil is maintained throughout a series of investigation. Thus, some methods for the preparation of the contaminated soil with homogeneous distribution of POPs are demanded for the subjects of soil environmental technologies and sciences.
It has been reported that soil organic matters, such as humic substances, contribute to sorption/desorption of POPs in wet soil. [4] [5] [6] [7] [8] The existence of soil organic matters can yield a number of subsystems in soil with zones of higher and lower localized concentrations of POPs. This implies that the dry state may be suitable for spiking, although homogeneous distribution of POPs is difficult in the wet states. The purpose of the present study is to assess the suitability of various spiking procedures for achieving the homogeneous distributions of POPs in dry soil. In particular, the amounts of carrier solvent, which was employed for mixing POPs with soil, were investigated. In the present study, 10 types of PAHs were selected as POPs, because these compounds are known as contaminants in sewage sludge. 9 
Experimental

Chemicals and soils
All solvents used in the present study were of HPLC grade: acetonitrile (Kanto Chemicals, Tokyo), acetone (Wako Pure Chemicals, Osaka) and dichloromethane (Nacalai Tesque, Kyoto). Eleven types of powdered PAHs (purity >98.0%) were purchased from Nacalai Tesuque: naphthalene (NAP), fluorene ( . Each standard solution (1000 mg l -1 ) for spiking was prepared by dissolving one type of powdered PAH in acetone. BAA was used as an internal standard for the determination of each PAH by HPLC. As is shown in Table 1 , commercial kaolin and ando soil were used to prepare the contaminated soils. It was confirmed that these soils were not initially contaminated with PAHs.
Spiking procedures Procedure 1.
A 5-g volume of dry soil and 10 mg of each PAH powder were added to a round-bottomed flask (50 ml). Subsequently, each solid mixture was vigorously mixed for 1 min by using a voltex (AUTOMATIC LAB-MIXER, HM-10; ASONE, Tokyo) and then was shaken. The mixing and shaking processes were repeated five times. A 0.5-g portion of the resulting mixture was further mixed with 99.5 g of non-spiked soil, and mixing and shaking were repeated again. Procedure 2. A 60-g amount of dry soil was taken in a blender bottle (250 ml). After adding 2.3-g of acetone to the top of soil, a 600-µl aliquot of the standard solution of PAHs was immediately spiked. This was vigorously mixed for 30 s by using a blender (Oster, USA) (10000 rpm). The mixing process was repeated twice. Procedure 3. A 100-g amount of dry soil and a 500 ml of acetone containing 2 mg l -1 of PAHs were taken in a 1000 ml of round-bottomed flask. The mixtures were evaporated with a rotary evaporator at 30 -35˚C. To confirm the method for preparing artificially spiked soil with polycyclic aromatic hydrocarbons (PAHs), we tested the homogeneity of PAHs in spiked soils, which were prepared by three different procedures, by using kaolin and ando soil. When the slurry of kaolin and acetone containing PAHs were evaporated by a rotary evaporator at 30 -35˚C, the most homogeneous distribution of PAHs was obtained in the spiked soil. This procedure was applied to the preparation of PAH-spiked soil for natural soil (ando soil). Such spiked soils can be useful as the standard materials for standardization of the analytical methods for PAHs in the soil and sediment samples. In all procedures, the soils were air-dried for 2 days under the dark condition in a fume hood after spiking PAHs. The content of each PAH was assumed to be approximately 10 µg g -1 in dry soil (predicted value).
Analyses of PAHs
For the extraction of PAHs from the 2-g portion of spiked soil, 3 extraction methods were examined by using 2 organic solvents (acetone or dichloromethane).
In the Soxhlet extraction, 100 ml of solvent and 22 h of extraction were employed. After the extraction, the extract was concentrated under dry N2 stream (Turbo Vap II; Zymark, MA, USA). In the solvent extraction with mechanical shaking, the spiked soil was shaken with an organic solvent (10 -12 ml) using a platform shaker (MK 200D; Yamato Scientific, Tokyo) for 1 -20 h at 160 rpm. In the solvent extraction with ultrasonic irradiation, the mixture of soil and organic solvent (10 -12 ml) was irradiated for 1 h using an ultrasonic cleaner (FU-60C type; Tokyo Garasu Kikai, Tokyo).
After the filtration of the extract with a disposable syringe filter (DISMIC-25HP, Cat. No. 25HP045AN; Advantec Toyo, Tokyo), a 10-µl aliquot of filtrate was introduced into a Jasco LC-2000 HPLC system. In general, a clean-up process is required for analyzing the extract. Mixtures of soil used in the present study and PAHs containing acetone preliminarily were filtrated and analyzed. As a result, most of added PAHs were recovered without adsorption on the filter. Moreover, no interference of analysis was observed. Thus, the clean-up process was omitted. A WAT054225 type column (4.6 mm i.d. × 250 mm, Nihon Waters, Tokyo) was used as a solid phase.
The mobile phase consisted of water and acetonitrile. The concentration of acetonitrile was initially set at 50%, linearly increased to 100% after 15 min and then held at 100% for 13 min. The flow rate was set to 1.0 ml min -1 , and the column temperature was maintained at 35˚C. A fluorescence detector (FP-2020; Jasco, Tokyo) was used for the detection of PAHs. The excitation (Ex) and emission (Em) wavelengths were set for the determination of PAHs as follows: Start, Ex 270 nm and Em 330 nm for NAP; 5.8 min, Ex 260 nm and Em 315 nm for FLE; 6.7 min, Ex 244 nm and Em 370 nm for PHE and ANT; 8.2 min, Ex 237 nm and Em 460 nm for FLA; 8.9 min, Ex 237 nm and Em 385 nm for PYR; 10.5 min, Ex 277 nm and Em 376 nm for BAA and CRY; 13.5 min, Ex 255 nm and Em 420 nm for BBF, BKF and BAP. The bandwidth of the detector was set at 40 nm.
Results and Discussion
Recovery of PAHs
In order to find the optimized conditions for the extraction of PAHs from the spiked soil, three extraction methods with two organic solvents were examined (Figs. 1a and 1b) . In this investigation, procedure 2 was employed for preparing the spiked soil. Figure 1a shows the comparison of three extraction methods. Recoveries of PAHs in Fig. 1 can be calculated from the following equation: (amounts of PAHs detected)/(amounts of PAHs added) × 100. Thus, losses of PAHs from adding, mixing, and air-drying were not evaluated. In the Soxhlet extraction, the recoveries were higher than those in other extraction methods. However, the precisions for FLE, PHE and ANT were poorer than those in other methods (RSD 9.7 -17.3%). The recoveries for ultrasonic extraction were the lowest of the three methods (< 44%). Although the Soxhlet and ultrasonic extraction methods have been used as standard analytical methods, 10, 11 these results show that Soxhlet and ultrasonic extractions were not appropriate for the extraction of PAHs from the spiked soils. On the other hand, solvent extraction with mechanical shaking could extract PAHs with the higher recoveries (40 -70%), higher precisions (RSD 2.3 -7.3%) and shorter extraction time (1 h). Thus, we selected the extraction with mechanical shaking in the following experiment. However, NAP was not detected with all methods. The reasons for the loss of NAP are discussed later. Figure 1b shows the effects of organic solvents and extraction time on the recoveries of PAHs for the solvent extraction with mechanical shaking. It has been known that dichloromethane and acetone-dichloromethane mixture (1:1) were effective in the extraction of PAHs, such as PYR, BAP and BKF. 12 Thus, three solvent systems (acetone, dichloromethane and acetonedichloromethane) were examined. As is shown in Fig. 1b , the recoveries of each PAH did not vary with the solvent examined. Thus, acetone was selected as the solvent and 4 h of extraction time was employed. Figure 2 shows the comparison of precisions of PAH contents for each spiking procedure using kaolin. In procedure 1, the contents of PAHs were largely varied (e.g. RSD 65.5% for ANT). In particular, BBF could not be detected. This shows that, in procedure 1, the homogeneous distribution of PAHs in soil could not be achieved. However, in procedures 2 and 3, the contents of PAHs were not varied (RSD 1.6 -8.0%). These results suggest that procedures 2 and 3 are preferable to prepare the artificially spiked soil with PAHs. Figure 3 shows the comparison of precisions of PAH contents for procedures 2 and 3 using ando soil. In procedure 3, the content PAHs were close to the predicted value (10 µg g -1 ). However, in procedure 2, BBF, BKF and BAP contents were remarkably lost. These results indicate that procedure 3 is the most appropriate method for preparing the artificially spiked soil with PAHs.
Evaluation of spiking procedures
Application to ando soil
However, even in procedure 3, NAP content was remarkably lost. It has been reported that organic carbon can retard the volatilization of NAP and PCBs from soil. 13, 14 Ando soil used in the present study contained 8.60% of organic carbon. Thus, NAP residue in the ando soil could be retained due to the presence of soil organic matters. These results imply that spiking volatile POPs is quite difficult.
However, the investigations in the present study indicate that the spiking procedure with the rotary evaporator is the most preferable for preparing the spiked soil, in which most of POPs distribute homogeneously. ANALYTICAL SCIENCES JANUARY 2004, VOL. 20 Fig. 2 Comparison of PAH contents in kaolin for three spiking procedures (n = 16). , Procedure 1; , procedure 2; , procedure 3. Fig. 3 Comparison of PAH contents in ando soil for procedures 2 and 3 (n = 4). , Procedure 2; , procedure 3.
